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GM1 PROMOTER AND USE THEREOF 



Technical Field 

The present invention relates to a promoter of a gene 
5 encoding a subunit Gml of trimeric G-protein, and use thereof. 

Background Art 

G-protein serves as a transmitter which transports into 
a cell a signal of stimulus received by a G-protein coupled 
10 receptor (hereinafter, referred to as GPCR in some cases) that 
is a seven transmembrane receptor. G-protein is composed of 
a, P and y subunits. In inactivated G-protein in which GDP is 
bound to the a subunit , when a receptor agonist such as hormones , 
neurotransmitters and the like binds to GPCR, GDP is released 

15 from the a subunit, and GTP binds instead. Activated G-protein 
in which GTP is bound to the a subunit is released from GPCR 
and dissociated into a GTP-bound a subunit and py subunits. 
Activated G-protein controls a variety of cellular functions 
by promoting or suppressing its target effector such as 

20 adenylate cyclase, Ca 2+ channel, K + channel, phospholipase cp 
and the like. GTP which has been bound to an a subunit of 
activated G-protein is converted into GDP by the effect of 
GTPase possessed by the a subunit, returning to inactivated 
form. 

25 Thus far, various kinds of G-proteins have been 
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identified in cells of mammals. These G-proteins show 
respective specific tissue distributions. There are known 
G-proteins distributed, for example, in nerve cells, olfactory 
cells, visual cells, gustatory cells, lung cells, kidney cells, 
5 liver cells and the like. G-proteins play important roles in 
hormone reception, neurotransmission and cell proliferation 
and differentiation, and the like by correlating with a cellular 
signal transduction system in such specific tissues. 

It has been clarified that various diseases are induced 

10 by loss of normal functions of a subunits of G-proteins. For 
example, constant activation of G-protein a subunit Gs induces 
diseases such as pituitary tumor, thyroid tumor, 
McCune -Albright syndrome and the like. Loss of functions of 
G-protein a subunit Gs induces pseudohypoparathyroidism. 

15 Constant activation of G-protein a subunit Gi2b induces 

pituitary tumor, adrenal cortex tumor or uterus tumor (for 
example, G protein mutations in endocrine diseases, European 
Journal of Endocrinology (2001) vol. 145, 545-559) . 

2 0 DISCLOSURE OF THE INVENTION 

The present invention provides a polynucleotide 
comprising a nucleotide sequence having an ability of 
controlling transcription of a gene encoding a subunit Gml of 
trimeric G-protein. This polynucleotide can be utilized in a 

25 method for searching a compound as an active ingredient of 
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medicines for treatment, improvement or prevention (namely, 
therapeutic drugs, improving drugs or preventing drugs) of 
diseases ascribable to abnormality in expression amount of a 
subunit Gml of trimeric G-protein or abnormality in signal 
5 transduction through a promoter of a gene encoding this subunit , 
and the like. 

More specifically, the present invention provides 

1. A polynucleotide comprising a nucleotide sequence of 
a promoter region of a gene encoding a subunit Gml of trimeric 

10 G-protein (hereinafter, referred to as polynucleotide of the 
present invention in some cases) ; 

2. The polynucleotide according to the item 1, wherein 
the nucleotide sequence of a promoter region is any of the 
following nucleotide sequences (1) to (4): 

15 (1) the nucleotide sequence of SEQ ID NO: 1, 

(2) the nucleotide sequence of the nucleotide numbers 603 
to 3871 in the nucleotide sequence of SEQ ID NO: 1, 

(3) a nucleotide sequence of (1) or (2) with deletion, 
substitution or addition of one or more nucleotides, said 

20 nucleotide sequence having an ability of controlling the 

transcription of a gene encoding a subunit Gml of trimeric 
G-protein, and 

(4) a nucleotide sequence having an ability of 
controlling the transcription of a gene encoding a subunit Gml 

25 of trimeric G-protein, and being complementary to a nucleotide 
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sequence of a polynucleotide, wherein said polynucleotide 
hybridizes under a stringent condition to a polynucleotide 
comprising the nucleotide sequence of (1) or (2) ; 

3 . A plasmid comprising the polynucleotide of the item 
5 1 or 2 (hereinafter, referred to as plasmid of the present 

invention in some cases) ; 

4 . A plasmid comprising the polynucleotide of the item 
1 or 2, wherein at the downstream (3' side) of said 
polynucleotide, said plasmid contains a polynucleotide of which 

10 transcription is controlled by said polynucleotide; 

5 . A plasmid comprising the polynucleotide of the item 
1 or 2, wherein at the downstream (3' side) of said 
polynucleotide, said plasmid contains a reporter gene of which 
transcription is controlled by said polynucleotide; 

15 6. A transformed cell in which the polynucleotide of the 

item 1 or 2 is introduced; 

7. A transformed cell in which the plasmid of the item 
3 or 4 is introduced; 

8 . A transf ormed cell in which the plasmid of the item 
20 5 is introduced (hereinafter, referred to as transformed cell 

of the present invention together with the transformed cell of 
the item 6 or 7, in some cases); 

9. A method for searching a signal transduction 

controlling substance through a promoter of a gene encoding a 
25 subunit Gml of trimeric G-protein, comprising 
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(1) a first step of contacting the transformed cell of 
the item 8 with a test substance, 

(2) a second step of monitoring the expression amount of 
a reporter gene or an index value correlated therewith, after 

5 the first step, 

(3) a third step of evaluating an ability of the 
above-mentioned substance to control signal transduction 
through a promoter of a gene encoding a subunit Gml of trimeric 
G-protein, based on a change in the expression amount or index 

10 value correlated therewith monitored in the second step, and 

(4) a fourth step of selecting a substance having an 
ability to control signal transduction through a promoter of 
a gene encoding a subunit Gml of trimeric G-protein, based on 
the signal transduction controlling ability evaluated in the 

15 third step 

(hereinafter, referred to as searching method of the present 
invention in some cases) ; 

10. A method for evaluating an ability of a substance to 
control signal transduction through a promoter of a gene 

20 encoding a subunit Gml of trimeric G-protein, comprising 

(1) a first step of contacting the transformed cell of 
the item 8 with a test substance, 

(2) a second step of monitoring the expression amount of 
a reporter gene or an index value correlated therewith, after 

25 the first step, and 



5 



(3) a third step of evaluating an ability of the 
above-mentioned substance to control signal transduction 
through a promoter of a gene encoding a subunit Gml of trimeric 
G-protein, based on a change in the expression amount or index 
5 value correlated therewith monitored in the second step 

(hereinafter, referred to as evaluation method of the present 
invention in some cases) ; 

11. A method for searching a substance which binds to the 
polynucleotide of the item 1, comprising 

10 (1) a first step of contacting the polynucleotide of the 

item 1 with a test substance, 

(2) a second step of checking the presence or absence of 

formation of a complex of the polynucleotide with the test 

substance, after the first step, and 
15 (3) a third step of selecting a substance which binds to 

the polynucleotide, based on the analysis result, obtained in 

the second step, of the presence or absence of formation of a 

complex 

(hereinafter, referred to as binding substance searching method 
20 of the present invention in some cases) ; 

12 . A method for purifying a substance which binds to the 
polynucleotide of the item 1, comprising 

(1) a first step of contacting the polynucleotide of the 
item 1 with a sample to form a complex of the polynucleotide 
25 with a substance, wherein said substance is contained in the 
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sample and binds to the polynucleotide, and 

(2) a second step of isolating the substance which binds 
to the polynucleotide, from a formed complex, after the first 
step 

5 (hereinafter, referred to as purification method of the present 
invention in some cases) ; 

13 . A kit for screening a signal transduction controlling 
substance through a promoter of a gene encoding a subunit Gml 
of trimeric G-protein, comprising the transformed cell of the 

10 item 8 and a reagent for measuring the expression amount of a 
reporter gene or an index value correlated therewith 
(hereinafter, referred to as kit of the present invention in 
some cases) ; and 

14 . A medicine for neurological disorder and/or 

15 psychiatric diseases comprising as an active ingredient a 
compound having an ability to control signal transduction 
through a promoter of a gene encoding a subunit Gml of trimeric 
G-protein, obtained by the searching method of the item 9 or 
11, or a pharmaceutical^ acceptable salt thereof, wherein the 

20 active ingredient is formulated in a pharmaceutically 
acceptable carrier 

(hereinafter, referred to as medicine of the present invention 
in some cases); and the like. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a view showing a transcription-activating 
ability of the Gml promoter of the present invention. 

Fig. 2 is a view showing expression of a subunit Gml of 
trimeric G-protein in brain tissues (cerebral cortex, 
hippocampus, cerebellum) . 

Fig. 3 is a view showing expression of a subunit Gml of 
trimeric G-protein in brain tissues of a patient with 
psychiatric disease. 

BEST MODES FOR CARRYING OUT THE INVENTION 

The present invention will be illustrated in detail 

below. 

The genetic engineering techniques to be used in the 
present invention can be carried out according to conventional 
methods described in, for example, "Molecular Cloning: A 
Laboratory Manual 2nd edition" (1989) , Cold Spring Harbor 
Laboratory Press and, D.M. Glover, DNA Cloning, published by 
IRL, 1985, and the like. 

Alpha (a) subunit Gml of trimeric G-protein is highly 
expressed in neuron of cerebral cortex, hippocampus and 
cerebellum. For example, in brains of patients with 
neurological disorder and/or psychiatric diseases 
(schizophrenia, manic-depressive psychosis, depression and 
anxiety) , the expression of the Gml is lowered. Lowering of 
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the expression amount of G-protein causes decline in function 
of transmitting a signal from outside of a cell into a cell. 
This suggests that lowering of the expression amount of Gml is 
correlated with symptoms of these neurological disorder and/or 
5 psychiatric diseases (schizophrenia, manic-depressive 
psychosis, depression and anxiety) . 

The polynucleotide of the present invention is a 
polynucleotide comprising a nucleotide sequence of a region 
(about 3.8 kb) located upstream of a cording region in a gene 

10 encoding a subunit Gml of trimeric G-protein, and is a kind 
of regulatory gene so-called promoter. The nucleotide 
sequence of the polynucleotide contains a nucleotide sequence 
necessary for promoting transcription and is, for example, a 
site where a RNA polymerase containing o factor binds and 

15 initiates the transcription of an operon. Further, the 

nucleotide sequence of the polynucleotide may contain, for 
example, a promoter element sequence which is controlled cell 
type- specif ically or tissue- specifically, or a promoter 
element sequence sufficient for causing promoter -dependent 

20 gene expression induced by an exogenous signal or factor (for 
example, transcription activation protein) . 

The transformed cell in which a plasmid is introduced into 
a mammal cell, wherein said plasmid comprises the 
polynucleotide of the present invention and contains at the 

25 downstream (3' side) of the polynucleotide a reporter gene of 
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which transcription is controlled by the polynucleotide, shows 
higher expression amount of the reporter gene as compared with 
a transf ormed cell in which a plasmid containing a reporter gene 
and not containing the polynucleotide is introduced. That is, 
5 the polynucleotide of the present invention has an ability of 
controlling the transcription of a gene located downstream 
thereof, for example, in a mammal cell, thus, it is a 
polynucleotide comprising a nucleotide sequence having an 
ability of controlling the transcription of a gene encoding a 
10 subunit Gml of trimeric G-protein. 

Specific examples of the polynucleotide of the present 
invention include polynucleotides having nucleotide sequences 
of any of the following sequences (1) to (4), and the like. 

15 (1) The nucleotide sequence of SEQ ID NO: 1. 

(2) The nucleotide sequence of the nucleotide numbers 603 
to 3871 in the nucleotide sequence of SEQ ID NO: 1 (said sequence 
is a nucleotide sequence which corresponds to the nucleotide 
sequence of SEQ ID NO: 2) . 

20 (3) A nucleotide sequence of the above (1) or (2) with 

deletion, substitution or addition of one or more nucleotides, 
said nucleotide sequence having an ability of controlling the 
transcription of a gene encoding a subunit Gml of trimeric 
G-protein (hereinafter, said ability is referred to as the 

25 present transcription controlling ability in some cases) . 
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(4) A nucleotide sequence having an ability of 
controlling the transcription of a gene encoding a subunit Gml 
of trimeric G-protein, and being complementary to a nucleotide 
sequence of a polynucleotide, wherein said polynucleotide 
5 hybridizes under a stringent condition to a polynucleotide 
comprising the nucleotide sequence of the above (1) or (2) . 

Examples of the nucleotide sequence of the polynucleotide 
of the present invention include also nucleotide sequences of 
10 polynucleotides obtained by partial deletion of 

nucleotides (for example, prepared by excising using a suitable 
restriction enzyme) while maintaining an ability of the 
polynucleotide of the present invention to control the 

transcription of a gene encoding a subunit Gml of trimeric 
15 G-protein. Specific examples of such nucleotide sequences 
include the nucleotide sequence of the nucleotide numbers 100 
to 3 871 in the nucleotide sequence of SEQ ID NO: 1, the nucleotide 
sequence of the nucleotide numbers 200 to 3871 in the nucleotide 
sequence of SEQ ID NO: 1, the nucleotide sequence of the 
20 nucleotide numbers 300 to 3871 in the nucleotide sequence of 
SEQ ID NO: 1, the nucleotide sequence of the nucleotide numbers 
400 to 3871 in the nucleotide sequence of SEQ ID NO: 1, the 
nucleotide sequence of the nucleotide numbers 500 to 3871 in 
the nucleotide sequence of SEQ ID NO: 1, and the like. Further, 
25 the nucleotide sequence of any of the above-mentioned 
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nucleotide sequences with deletion, substitution or addition 
of one or more nucleotides, said nucleotide sequence having an 
ability of controlling the transcription of a gene encoding a 
subunit Gml of trimeric G-protein; the nucleotide sequence 
5 having an ability of controlling the transcription of a gene 
encoding a subunit Gml of trimeric G-protein, and being 
complementary to a nucleotide sequence of a polynucleotide, 
wherein said polynucleotide hybridizes under a stringent 
condition to a polynucleotide comprising any of the 
10 above-mentioned nucleotide sequences; and the like, are also 
mentioned. 

Such polynucleotides of the present invention may be 
prepared according to conventional genetic engineering methods, 

15 for example, methods described in "Takaaki Tamura (published 
by yodosha) , Shin Tensha Seigyo no Mechanism (2000)" pages 33 
to 40, "Shintaro Nomura, Toshiki Watanabe ed. (published by 
shujunsha) , Datsu Isotope Jikken Protocol (1998) " , and the like . 
The ability of controlling the transcription of a gene encoding 

2 0 a subunit Gml of trimeric G-protein can be confirmed by a method 
described below, for example, by reporter gene assay using a 
transformed cell in which a plasmid is introduced, wherein said 
plasmid comprises the polynucleotide and contains a reporter 
gene at the downstream (3' side) of the polynucleotide. 

25 
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In the present invention, "polynucleotide" (including 
oligonucleotide) includes also polynucleotides comprising a 
nucleotide sequence complementary to a nucleotide sequence of 
the polynucleotide. "Polynucleotide" includes both of DNA and 
RNA unless otherwise stated. 

"DNA" includes single - stranded DNA comprising its 
nucleotide sequence, and additionally, single -stranded DNA 
complementary thereto and double -stranded DNA. Further, "DNA" 
includes cDNA, genomic DNA and synthesized DNA unless otherwise 
stated. "RNA" includes total RNA, mRNA, rRNA and synthesized 
RNA unless otherwise stated. 

In the present invention, "alteration not causing loss 
of transcription activity" means, for example, alteration which 
can be carried out on a region with low homology to various 
transcription control sequences (namely, nucleotide sequences 
having an ability of controlling transcription) identified 
previously, and the like. In "nucleotide sequence with 
deletion, substitution or addition of one or more nucleotides" 
containing such alteration, an index for the kind and number 
of nucleotides which can be deleted, substituted or added 
without causing loss of an ability of controlling the 
transcription of a gene encoding a subunit Gml of trimeric 
G-protein can be evaluated and confirmed by a method described 
below. 

Such alteration may also be prepared by artificial 
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mutagenesis . Specifically, such alteration can be achieved by 
random mutagenesis using a method described in A. Greener, M. 
Callahan, Strategies (1994) 7, 32-34 and the like, and can be 
achieved by site-directed mutagenesis using a gapped duplex 
method described in W. Kramer, et al., Nucleic Acids Research 
(1984) 12, 9441 or W. Kramer, H. J. Frits, Methods in Enzymology 
(1987) 154, 350 and the like, or a Kunkel method described in 
T. A. Kunkel, Proc . Of Natl. Acad. Sci. U.S.A. (1985) 82, 488 
or T. A. Kunkel, et al., Methods in Enzymology (1987) 154, 367 
and the like. Alternatively, such alteration can be obtained 
by preparing chimeric DNA with substitution of a part of a 
polynucleotide of other promoter for one or several partial 
nucleotide sequences of a polynucleotide comprising the 
nucleotide sequence of SEQ ID NO: 1 and the like, where, for 
example, a method described in S. Henikoff, et al., Gene (1984) 
28, 351, C. Yanisch- Perron, et al., Gene (1985) 33, 103 and the 
like can be used. 

In the instant application, "polynucleotide which 
hybridizes under a stringent condition" denotes a 
polynucleotide shown below. That is, it means a polynucleotide 
(1) which forms a polynucleotide-polynucleotide hybrid by 
hybridizing at temperature condition of 65°C under high ion 
concentration [for example, 6xSSC (containing 900 mM sodium 
chloride and 90 mM sodium citrate) and the like are mentioned] 
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and (2) in which the hybrid can be maintained even after washing 
for 3 0 minutes at temperature condition of 65°C under low ion 
concentration [for example, O.lxSSC (containing 15 mM sodium 
chloride and 1.5 mM sodium citrate) and the like are used] . 

5 

Nucleotide sequences of such polynucleotides include 
nucleotide sequences derived from other organisms (for example, 
human and rat) which corresponds to a mouse-derived nucleotide 
sequence. Such nucleotide sequences can be selected, for 

10 example, by blast search provided by NCBI 

(www.ncbi.nlm.nih.gov/BLAST/) and the like. Specifically, a 
nucleotide sequence showing high homology can be searched from 
a data base of genomic sequence of other organisms, by blast 
search provided by NCBI using, as a query sequence, a nucleotide 

15 sequence near a translation initiation codon of Gml gene, which 
comprises the nucleotide sequence of SEQ ID NO: 3 . By selecting 
a polynucleotide comprising a nucleotide sequence upstream of 
the translation initiation site of a nucleotide sequence 
selected by this search, a polynucleotide comprising a 

20 nucleotide sequence containing a promoter region of 

corresponding other organisms can be selected. The ability of 
the selected polynucleotide to control the transcription of a 
gene encoding a subunit Gml of trimeric G-protein can be 
confirmed by a method described later. 

25 



15 



As the method for preparing the polynucleotide of the 
present invention, for example, a chemical synthesis method, 
PCR, hybridization method and the like are mentioned. 

In the case of preparation using a chemical synthesis 
5 method, DNA automatic synthesizing machines, for example, DNA 
synthesizing machine model 3 80A (manufactured by ABI) and the 
like can be used. 

Next, the method of preparing the polynucleotide of the 

10 present invention using PCR will be illustrated. A genomic 
library to be used as a template can be prepared from tissue 
of mammals such as human, mouse, rat and the like according to 
a method described in, for example, "Molecular Cloning: A 
Laboratory Manual 2nd edition" (1989) , Cold Spring Harbor 

15 Laboratory Press and the like. Further, commercially 

available genomic DNAs such as human genomic DNA (manufactured 
by Clontech) and the like, and commercially available genomic 
libraries such as human GenomeWalker kit (Clontech) and the like, 
can be used. Then, PCR is performed using primers corresponding 

20 to a promoter to be amplified, and in the case of preparing the 
polynucleotide of the present invention comprising the 
nucleotide sequence of SEQ ID NO: 1, using, for example, a primer 
comprising the nucleotide sequence of the nucleotide numbers 
1 to 20 in the nucleotide sequence of SEQ ID NO: 1, and a primer 

25 comprising a nucleotide sequence complimentary to the 
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nucleotide sequence of the nucleotide numbers 3851 to 3871 in 
SEQ ID NO: 1 . Such primers can be appropriately designed based 
on the nucleotide sequence of SEQ ID NO: 1 . A restriction enzyme 
recognition sequence and the like may be added to its 5' end. 
5 DNA amplified as described above can be cloned to a vector 
according to a conventional method described in "Molecular 
Cloning: A Laboratory Manual 2nd edition" (1989) , Cold Spring 
Harbor Laboratory Press, "Current Protocols In Molecular 
Biology" (1987), John Wiley & Sons, Inc. ISBN0-471-50338-X and 

10 the like. Specifically, cloning can be performed using a 
plasmid vector contained in TA cloning kit manufactured by 
Invitrogen, or plasmid vector such as pBluescript II 
manufactured by Stratagene, and the like. The nucleotide 
sequence of the cloned polynucleotide can be analyzed by a 

15 dideoxy terminating method described in F. Sanger, S. Nicklen, 
A.R. Coulson, Proceedings of National Academy of Science U. S .A. 
(1977), 74, 5463-5467, and the like. 

Next, the method of preparing the polynucleotide of the 
20 present invention using a hybridization method will be 
illustrated. 

First, DNA to be used as a probe is labeled. As the DNA 
to be used as a probe, mentioned are polynucleotides comprising 
at least a part of the nucleotide sequence of the polynucleotide 
25 of the present invention to be prepared, for example, a 
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polynucleotide comprising the nucleotide sequence of the 
nucleotide numbers 603 to 3871 or partial continuous nucleotide 
sequence thereof in the nucleotide sequence of SEQ ID NO: 1, 
and having a chain length of 20 nucleotides or more and 1000 
5 nucleotides or less, a polynucleotide comprising a nucleotide 
sequence of the above-mentioned polynucleotide with deletion, 
substitution or addition of one or several nucleotides, a 
polynucleotide which hybridizes under a stringent condition to 
the above-mentioned polynucleotide, and the like, 

10 Specifically mentioned are DNA comprising a nucleotide sequence 
of the nucleotide numbers 100 to 3871 in the nucleotide sequence 
of SEQ ID NO: 1, DNA comprising a nucleotide sequence of the 
nucleotide numbers 200 to 3871 in the nucleotide sequence of 
SEQ ID NO: 1, DNA comprising a nucleotide sequence of the 

15 nucleotide numbers 300 to 3871 in the nucleotide sequence of 
SEQ ID NO: 1, DNA comprising a nucleotide sequence of the 
nucleotide numbers 400 to 3871 in the nucleotide sequence of 
SEQ ID NO: 1, DNA comprising a nucleotide sequence of the 
nucleotide numbers 500 to 3871 in the nucleotide sequence of 

20 SEQ ID NO: 1, and the like. 

The above-mentioned DNA to be used as a probe can be 
obtained by the conventional polynucleotide preparation 
methods described above as "the method of preparing the 
polynucleotide of the present invention" such as, for example, 

25 a chemical synthesis method, PCR, hybridization method and the 
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like . 

For labeling the above-mentioned DNA to be used as a probe 
with a radioisotope, for example, Random Labelling Kit and the 
like manufactured by Boehringer, Takara Shuzo Co., Ltd,, and 
the like can be used, and labeling can also be carried out by 
performing a PCR reaction using as a template the 
above-mentioned DNA to be used as a probe, replacing dCTP in 

a conventional PCR reaction composition by [a- 32 P]dCTP. In the 
case of labeling of DNA to be used as a probe with a fluorescent 
dye or enzyme, there can be used, for example, ECF Direct Nucleic 
Acid Labelling and Detection System (manufactured by Amersham 
Pharmacia Biotech) or Alkphos Direct DAN labeling and detection 
kit (manufactured by Amersham Pharmacia Biotech) and the like. 

As the DNA library to which a probe is hybridized, for 
example, genomic DNA libraries can be used derived from animals 
indlucing Rodentia such as mouse, rat and the like, and Primate 
such as human and the like. 

As the DNA library, commercially available genomic DNA 
libraries can be used, and alternatively, genomic DNA libraries 
are produced using Gigapack packaging Extracts (Stratagene) and 
the like in in vitro packaging, using X vectors such as, for 
example, X FIX II, X EMBL3 , X EMBL4, X DASH II and the like 
manufactured by Stratagene, according to a conventioinal 
library production method described in "Molecular Cloning: A 
Laboratory Manual 2nd edition" (1989), Cold Spring Harbor 
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Laboratory Press, "Current Protocols In Molecular Biology" 
(1987), John Wiley & Sons, Inc. ISBN0-471-50338-X and the like, 
and these libraries can be used. 

5 The hybridization method includes colony hybridization 

and plaque hybridization, and the method may be selected 
according to the kind of a vector used in preparation of a library . 
For example, when the library to be used is a library constructed 
using plasmid vectors, colony hybridization can be carried out . 

10 Specifically, first, DNA of a library is introduced into a host 
microorganism to obtain transformed cells, the resultant 
transformed cells are diluted and spread on an agar medium, and 
cultured at 3 7°C until appearance of a colony. When the library 
to be used is a library constructed using phage vectors, plaque 

15 hybridization can be carried out. Specifically, first, a host 
microorganism and a phage of the library are mixed under 
infectable conditions, then, further mixed with a soft agar 
medium, and this mixture is spread on an agar medium. 
Thereafter, culturing is performed at 3 7°C until appearance of 

20 a plaque. More specifically, a phage library of about 9.0xl0 5 
pfu is spread, at a density of 0.1 to 1.0 pfu per 1 mm 2 of agar 
medium, on NZY agar medium, and cultured at 3 7°C for 6 to 10 
hours, according to a method described in, for example, 
Molecular Cloning 2nd edition (J. Sambrook, E.F. Frisch, T. 

25 Maniatis, Cold Spring Harbor Laboratory Press 1989) 2.60 to 2. 65, 

20 



and the like. 

Next , in any of the above-mentioned hybridization methods , 
a membrane filter is placed on the surface of an agar medium 
5 on which the above-mentioned culturing has been effected, and 
a phage or transformed cell containing a plasmid are transferred 
onto the membrane filter. This membrane filter is treated with 
an alkali, then, is treated to neutralize, then, is treated to 
fix DNA on the filter. More specifically, in the case of plaque 

10 hybridization for example, a nitrocellulose filter or nylon 
filter and the like, for example, Hybond-N + (manufactured by 
Amersham Pharmacia Biotech) is placed on the above-mentioned 
agar medium, and left for about 1 minute, to make phage particles 
to be adsorbed on the membrane filter, according to a 

15 conventional method described in Cloning and Sequence : Plant 
Biotechnology Experiment Manual (Watanabe, Sugiura ed. , Noson 
Bunka sha, 1989) and the like. Next, this filter is immersed 
in an alkali solution (1.5 M sodium chloride, 0.5 N sodium 
hydroxide) for about 3 minutes to lyse phage particles, thereby 

20 releasing phage DNA on the filter, then, immersed in a 

neutralization solution (1.5 M sodium chloride, 0.5 M Tris 
hydrochloric acid, pH 7.5) for about 5 minutes. This filter 
is washed with a washing solution (3 00 mM sodium chloride, 30 
mM sodium citrate, 2 00 mM Tris hydrochloric acid) for about 5 

25 minutes, then, for example, baked at about 80°C for about 90 



21 



minutes, to fix phage DNA on the filter. Hybridization is 
performed using thus prepared filter and the above-mentioned 
probe. Reagents and temperature conditions in hybridization 
can be determined according to a method described in, for 
5 example, D.M. Glover, "DNA cloning, a practical approach" IRL 
PRESS (1985) ISBN 0-947946-18-7, Cloning and Sequence: Plant 
Biotechnology Experiment Manual (Watanabe, Sugiura ed. , Noson 
Bunkasha, 1989), or Molecular Cloning 2nd edition (J. Sambrook, 
E.F. Frisch, T. Maniatis, Cold Spring Harbor Laboratory Press 

10 1989), and the like. For example, a pre -hybridization solution 
containing 450 to 900 mM sodium chloride and 45 to 90 mM sodium 
citrate, containing sodium dodecyl sulfate (SDS) in a 
concentration of 0.1 to 1.0% (w/v) , and containing denatured 
non-specific DNA in a concentration of 0 to 200 pg/mL, and 

15 depending on cases, which may contain albumin, ficoll, 

polyvinylpyrrolidone and the like each in a concentration of 
0 to 0.2% (W/V) , preferably, a pre-hybridization solution 
containing 900 mM sodium chloride, 90 mM sodium citrate, 1% 
(W/V) SDS, and 100 pg/mL denatured Calf -thymus DNA, is prepared 

20 at a proportion of 50 to 200 \iL per 1 cm 2 of the filter produced 
as described above, and the filter is immersed in the solution 
and incubated at 42 to 68°C for 1 to 4 hours, preferably, at 
45°C for 2 hours. Then, for example, a hybridization solution 
containing 450 to 900 mM sodium chloride and 45 to 90 mM sodium 

25 citrate, containing SDS in a concentration of 0 . 1 to 1 . 0% (W/V) , 
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and containing denatured non-specific DNA in a concentration 
of 0 to 200 pg/mL, and depending on cases, which may contain 
albumin, ficoll, polyvinylpyrrolidone and the like each in a 
concentration of 0 to 0.2% (W/V) , preferably, a hybridization 
solution containing 900 mM sodium chloride, 90 mM sodium citrate, 
1% (W/V) SDS, and 100 iig/mL denatured Calf -thymus DNA, is mixed 
with a probe prepared by the above-mentioned method ( for example , 
a 32 P-labeled probe in an amount corresponding to l.OxlO 4 to 

2 . OxlO 6 cpm per 1 cm 2 of a filter) to give a mixture, the mixture 
being prepared at a proportion of 50 to 200 pL per 1 cm 2 of the 
filter, and the filter is immersed in the mixed solution and 

incubated at 42 to 68°C for 4 to 20 hours, preferably, at 45°C 
for 16 hours, to accomplish a hybridization reaction. After 
this hybridization reaction, the filter is taken out, and washed 
for 10 to 60 minutes once to 4 times, preferably for 15 minutes 
twice with a washing solution of 42 to 68°C containing 15 to 

3 00 mM sodium chloride, 1.5 to 3 0 mM sodium citrate and 0.1 to 
1.0% (W/V) SDS and the like, preferably, a washing solution of 
55°C containing 3 00 mM sodium chloride, 3 0 mM sodium citrate 
and 1% (W/v) SDS. Further, the filter is rinsed slightly with 
2xSSC solution (containing 300 mM sodium chloride, and 30 mM 
sodium citrate) before drying. This filter is, for example, 
subjected to autoradiography and the like to detect the position 
of a probe on the filter, to detect the position on the filter 
of DNA to be hybridized to the used probe. A clone located at 
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a position corresponding to the position of the detected DNA 
on the filter is identified on an agar medium and picked up, 
thus, the clone comprising the DNA can be isolated. 
Specifically, for example, the filter is exposed to an imaging 
plate (Fuji Photo Film Co., Ltd.) for 4 hours, then, the plate 
is analyzed using an imaging analyzer BAS2000 (Fuji Photo Film 
Co., Ltd.), to detect a signal. Of the agar medium used for 
filter preparation, a portion corresponding to the position at 
which a signal has been detected is cut out by about 5 mm square, 
and this is immersed in about 500 pL of SM buffer (containing 
50 mM Tris -hydrochloric acid pH 7.5, 0.1 M sodium chloride, 7 
mM magnesium sulfate, and 0.01% (W/V) gelatin) for 2 to 16 hours, 
preferably for 3 hours to elute phage particles. The resulting 
phage particle eluate is spread on an agar medium, and cultured 

at 3 7°C for 6 to 10 hours, according to a method described in 
Molecular Cloning 2nd edition (J. Sambrook, E.F. Frisch, T. 
Maniatis, Cold Spring Harbor Laboratory Press 1989) 2 . 60 to 2 . 65 . 
Using this agar medium, phage DNA is fixed to a filter by the 
same method as described above, and hybridization is performed 
using this filter and the above-mentioned probe. Of the agar 
medium used for filter production, phage particles are eluted 
from a portion corresponding to the position at which a signal 
has been detected, and spread on an agar medium, and a filter 
is made by the same method as described above, and hybridization 
is performed. By repeating such identification and 
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purification of phage clones, a phage clone containing DNA 
comprising a nucleotide sequence which hybridizes to the used 
probe is obtained. 

5 DNA contained in a clone obtained by performing screening 

by hybridization as described above may be sub-cloned to a 
plasmid vector which allow easy preparation or analysis of DNA, 
for example, commercially available pUC18, pUC19, pBLUESCRIPT 
KS+, pBLUESCRIPT KS- and the like, to prepare plasmid DNA, and 

10 its nucleotide sequence can be determined using a dideoxy 

terminating method described in F. Sanger, S. Nicklen, A.R. 
Coulson, Proceedings of National Academy of Science U.S.A. 
(1977), 74, 5463-5467, and the like. Preparation of a sample 
to be used for nucleotide sequence analysis can be carried out, 

15 for example, according to a primer extension method described 
in Molecular Cloning 2nd edition (J. Sambrook, E.F. Frisch, T. 
Maniatis, Cold Spring Harbor Laboratory Press 1989) 13. 15, and 
the like. Further, a phage clone is amplified on a NZYM liquid 
medium according to a method described in Molecular Cloning 2nd 

20 edition (J. Sambrook, E.F. Frisch, T. Maniatis, Cold Spring 
Harbor Laboratory Press 1989) 2.60 to 2.65 and the like to 
prepare phage solution, and phage clone DNA is extracted from 
this phage solution using, for example, Lambda -TRAPPLUS DNA 
Isolation Kit (manufactured by Clontech) and the like, and a 

25 sample for nucleotide sequence analysis is prepared by, for 
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example, the above-mentioned primer extension method using the 
extracted DNA as a template, and its nucleotide sequence can 
also be analyzed. An ability of thus produced polynucleotide 
to control the transcription of a gene encoding a subunit Gml 
of trimeric G-protein can be confirmed by a method described 
later. 

The plasmid into which the polynucleotide of the present 
invention (here, the polynucleotide of the present invention 
means DNA) is to be inserted in preparation of the plasmid of 
the present invention may be a plasmid capable of functioning 
in a desired cell , and may also contain a marker gene ( for example , 
kanamycin-resistance gene, hygromyc in- resistance gene, 
neomycin-resistance gene and the like) for selecting the cell 
into which the plasmid has been introduced. Further, in the 
above-mentioned plasmid, if a gene insertion site is further 
present at a position where the polynucleotide of the present 
invention and a desired gene are operably linked on a plasmid, 
for example, downstream of a site where the polynucleotide of 
the present invention is to be inserted, it can be preferably 
used for construction of a plasmid for expressing a desired gene 
in a cell. Here, the gene insertion site is, for example, a 
nucleotide sequence which can be specifically recognized and 
digested by a restriction enzyme conventionally used in a 
genetic engineering method, and preferably a restriction enzyme 
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recognition sequence solely present on a plasmid comprising the 
polynucleotide of the present invention. Specific examples of 
this plasmid include pBR322 (Boehringer Mannheim) , pUC-based 
plasmids such as pUC12, pUC118, pUC119 (Takara Shuzo Co. , Ltd. ) 
5 and the like, pBluescript and the like when E. coli is used as 
a host, and pUBHO, pC194 and the like when Bacillus is used 
as a host. When yeast is used as a host, Yip5, Yep24 and the 
like are mentioned. When an insect cell is used as a host, AcNPV 
and the like are mentioned. When an animal cell is used as a 

10 host, pUC18, pUC19 and the like are mentioned. 

Insertion of the polynucleotide of the present invention 
into the above-mentioned plasmid can be carried out according 
to conventional methods, for example, a method described in 
"Molecular Cloning: A Laboratory Manual 2nd edition" (198 9) , 

15 Cold Spring Harbor Laboratory Press, "Current Protocols In 
Molecular Biology" (1987), John Wiley & Sons, Inc. 
ISBN0-471-50338-X and the like. 

Among the plasmids of the present invention, the plasmids 
20 to be inserted into a transformed cell used in the searching 
method of the present invention include, for example, a plasmid 
containing, at the downstream (3' side) of the polynucleotide 
of the present invention, a polynucleotide of which 
transcription is controlled by the polynucleotide of the 
25 present invention, more specifically, a plasmid containing the 
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polynucleotide of the present invention and containing, at the 
downstream (3' side) of the polynucleotide, a reporter gene of 
which transcription is controlled by the polynucleotide of the 
present invention, and the like. When the reporter gene is a 
lucif erase gene, the plasmid of the present invention 
containing a luciferase gene under control of the 
polynucleotide of the present invention can be preferably used 
in measuring the ability of controlling the transcription of 
the polynucleotide of the present invention contained in the 
plasmid. Such a plasmid can be produced using commercially 
available plasmids containing a luciferase gene, for example, 
plasmids such as pGL3-basic (Promega) , PicaGene Basic Vector 
(Toyo Ink) and the like. Specifically, the plasmid of the 
present invention containing a luciferase gene under control 
of the polynucleotide of the present invention can be produced 
by operably inserting the polynucleotide of the present 
invention into a gene insertion site of pGL3 -basic by a 
conventional method. 

The method of preparing the transformed cell of the 
present invention (namely, a transformed cell in which the 
polynucleotide or plasmid of the present invention is 
introduced) will be illustrated below. 

As a host cell into which the polynucleotide of the 
present invention or the plasmid of the present invention is 
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to be introduced, bacteria such as E. coli (for example, K12) , 
Bacillus (for example, MI114) and the like, yeast (for example, 
AH22) , cells such as plant cells, animal cells and the like are 
mentioned, and cells containing therein the polynucleotide of 
5 the present invention or the plasmid of the present invention 
may be permissible. As the host cell for preparing the 
transformed cell of the present invention used in the searching 
method of the present invention, preferably mentioned are 
animal cells (for example, PC-12 cell, Neuro-2a cell, IMR-32 

10 cell, COS-7 cell, Vero cell, CHO cell, ES cell and the like), 
particularly preferably mentioned are neurons. The 
transformed cell of the present invention in which the host cell 
is an ES cell includes transformed cells obtained by 
differentiation of ES cells in which the polynucleotide or 

15 plasmid of the present invention is introduced, and transformed 
cells obtained, after differentiation of ES cells, by 
introducing the polynucleotide of the present invention or the 
plasmid of the present invention into the differentiated cells. 
The transformed cell of the present invention includes also 

20 cells present in animal individuals (namely, transformed 

animal) produced by developing from these transformed cells. 

As the method of introducing the polynucleotide of the 
present invention or the plasmid of the present invention into 
25 a host cell, introduction methods according to cells can be 
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applied, and for example, a calcium phosphate method, electric 
introduction method, DEAE dextran method, micelle formation 
method and the like can be applied for animal cells. 
Specifically, mentioned as the calcium phosphate method are 
5 methods described in Grimm, S. et al., Proc. Natl. Acad. Sci. 
USA, 93, 10923-10927 and the like, and mentioned as the electric 
introduction method and DEAE dextran method are methods 
described in Ting, A.T. et al., EMBO J., 15, 6189-6196 and the 
like, and mentioned as the micelle formation method are methods 

10 described in Hawkins, C.K. et al . , Proc. Natl. Acad. Sci. USA, 
93 , 13786-13790 and the like. In the micelle formation method, 
it is also possible to use commercially available reagents such 
as, for example, lipof ectamine (manufactured by Gibco BRL) , 
fugene (Boegringer Mannheim) and the like. 

15 Transformed cells can be selected by utilizing, for 

example, a selection marker gene introduced into a host cell 
simultaneously with the polynucleotide of the present invention 
or the plasmid of the present invention, a selection marker gene 
contained in the plasmid of the present invention, and the like, 

20 and culturing cells subjected to a treatment of introduction 
of the polynucleotide of the present invention or the plasmid 
of the present invention, on a medium under selection conditions 
according to the selection marker gene. 

25 The present invention provides a method containing a step 
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of contacting the transformed cell of the present invention with 
a test substance. Namely, it is a method of searching a signal 
transduction controlling substance through a promoter of a 
subunit Gml of trimeric G-protein, containing 
5 (Da first step of contacting with a test substance a 

transformed cell in which a plasmid is introduced, wherein said 
plasmid comprises the polynucleotide of the present invention 
and contains a reporter gene at the downstream (3' side) of the 
polynucleotide , 

10 (2) a second step of monitoring the expression amount of 

a reporter gene or an index value correlated therewith, after 
the first step, 

(3) a third step of evaluating an ability of the 
above-mentioned substance to control signal transduction 

15 through a promoter of a gene encoding a subunit Gml of trimeric 
G-protein, based on a change in the expression amount or index 
value correlated therewith monitored in the second step, and 

(4) a fourth step of selecting a substance having an 
ability to control signal transduction through a promoter of 

2 0 a gene encoding a subunit Gml of trimeric G-protein, based on 
the signal transduction controlling ability evaluated in the 
third step (namely, searching method of the present invention) . 
This searching method is a method of searching a substance 
having an ability of controlling signal transduction through 

25 a promoter of a gene encoding a subunit Gml of trimeric G-protein, 
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using a what is called reporter gene assay. 

As the cell to be used in the searching method of the 
present invention, the transformed cells of the present 
5 invention using a mammal cell as a host cell are preferable, 
and particularly preferable are transformed cells of the 
present invention using, as a host cell, known mammal animal 
cells such as, for example, PC-12 cell, Neuro-2a cell, IMR-32 
cell, Vero cell, Hela cell, CV1 cell, C0S1 cell, CHO cell, ES 
10 cell and the like. The transformed cells may be prepared as 
described above. 

The concentration of a test substance to be contacted in 
the above-mentioned first step with a transformed cell in which 

15 a plasmid is introduced, wherein said plasmid comprises the 
polynucleotide of the present invention and contains a reporter 
gene at the downstream (3' side) of the polynucleotide, may be 
usually about 0.001 pM to about 100 pM, preferably about 0.01 
pM to about 10 pM, more preferably about 0.1 pM to about 10 pM. 

20 The time for contacting the cell with a test substance is usually 
about 1 hour or more and about 5 days, and preferably several 
hours to about 4 days. Preferably, it is 18 hours or more and 
about 60 hours, and more preferably from 24 hours to about 40 
hours . 

25 Contact of the cell with a test substance may be carried 
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out while culturing under conditions wherein the cell can grow. 
For example, in the case of the transformed cell of the present 
invention using a mammal cell as a host, culturing can be 
performed in commercially available media such as D-MEM, 
5 OPTI-MEM, RPMI 1640 medium (manufactured by Gibco-BRL) and the 
like appropriately containing added serum derived from a mammal 
such as bovine fetal serum and the like. Culturing may be 

carried out usually at about 30°C to 40°C in the presence of 
about 2% (V/V) to 10% (V/V) carbon dioxide , and more preferably 

10 carried out at about 3 5°C to 37°C in the presence of about 4% 
(V/V) to 6% (V/V) carbon dioxide. 

The number of the cell in contacting with a test substance 
may be usually about lxl0 4 /well to about lxl0 5 /well, preferably 
about 5xl0 4 /well to about 8xl0 4 /well, in the case of use of for 

15 example a 96 -well plate. 

In the above-mentioned searching method, the method of 
"monitoring the expression amount of a reporter gene or an index 
value correlated therewith" may be any method providing it can 

2 0 measure continuously or discontinuously with time the 

expression amount of a reporter gene in the above-mentioned 
transformed cell or an index value correlated therewith. For 
example, methods for detecting the expression product of a 
reporter gene, that is, mRNA corresponding to the gene or a 

25 protein encoded by the gene (specifically, Northern blotting, 
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Western blotting and the like) can be used. When an enzyme gene 
is used as the reporter gene, a method for measuring the activity 
of the enzyme, and the like may be used. 

More specifically, the amount of mRNA corresponding to 
5 a reporter gene can be measured by, for example, a Northern blot 
method using a polynucleotide comprising a part of the reporter 
gene, RT-PCR and the like. The amount of a protein 
corresponding to a reporter gene can be measured using an 
antibody to a protein produced by the reporter gene. 

10 When an enzyme gene is used as the reporter gene, the 

activity of the produced enzyme may be measured as "index value 
correlated with the expression amount of a reporter gene" . As 
the reporter gene which can be used, those easily measuring the 
activity of the expressed and produced protein such as, for 

15 example, a lucif erase gene, secretory alkaliphosphatase (SEAP) 
gene, chloramphenicol acetyltransf erase gene, p-galactosidase 
gene and the like are preferably mentioned. For the expression 
level of a lucif erase gene, lucif erin (manufactured by, for 
example , Toyo Ink K. K. ) as a luminescence substrate may be added 

20 to cell lysate and luminescence due to decomposition of the 
substrate may be measured using luminometer, liquid 
scintillation counter or top counter and the like. The 
expression level of an alkaliphosphatase gene can be measured 
using, for example, Lumi-Phos530 (manufactured by Wako Pure 

25 Chemical Industries, Ltd.). The expression level of a 
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chloramphenicol acetyltransf erase gene can be measured using 
FAST CAT Chloramphenicol Acetyltransf erase Assay Kit 
(manufactured by Wako Pure Chemical Industries, Ltd.). The 
expression level of a p-galactosidase gene can be measured using 
5 Aurora Gal-XE (manufactured by Wako Pure Chemical Industries, 
Ltd. ) . 

In the case of emission of fluorescence and the like from 
a protein encoded by the gene such as GFP (Green Fluorescent 
Protein) gene as the reporter gene, the amount of fluorescence 
10 emitted from the produced protein may be measured. 

When contact of the cell with a test substance are carried 
out as described above followed by measuring the present 
transcription controlling ability of the polynucleotide of the 

15 present invention in the cell and an increase in the 

transcription controlling ability as compared with a control 
is detected (for example, in the case where a change of about 
30% increase, preferably about 50% increase, further preferably 
about 100% increase is shown) or a decrease is detected (for 

20 example, in the case where a change of about 3 0% decrease, 
preferably about 50% decrease, further preferably about 100% 
decrease is shown) , this test substance can be selected as a 
substance for acting on the promoter to regulate the 
transcription controlling ability, that is, as a signal 

25 transduction controlling substance through a promoter of a gene 
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encoding a subunit Gml of trimeric G-protein. 

The kind of the test substance is not particularly 
restricted. Examples thereof include proteins, peptides, 
5 non-peptidic compounds (carbohydrate, lipid and the like), 
organic low molecular weight compounds, inorganic low molecular 
weight compounds, fermentation products , cell extracts, plant 
extracts, animal tissue extracts and the like. 

10 The transcription controlling ability of the test 

substance may also be evaluated by comparing the expression 
amount of a reporter gene operably linked to the polynucleotide 
of the present invention (hereinafter, referred to as measured 
value 1) in a cell after contacting with a test substance, with 

15 the above-mentioned expression amount in a cell not contacted 
with the test substance (hereinafter, referred to as measured 
value 2) . In this case, it is recommendable that this 
transcription controlling ability is obtained as transcription 
controlling ratio according to the following formula using the 

20 measured value. 

Transcription controlling ratio (%) = { (measured value 
1 - measured value 2) /measured valued 2}xl00 

Substances of which transcription controlling ratio 
representing the transcription controlling ability of a test 

25 substance shows a statistically significant value, 
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specifically preferably, substances showing a ratio of 30% or 
more, more preferably 50% or more are selected as the substance 
of the transcription controlling ability. 



5 Further, in the above-mentioned searching method, the 

transcription controlling ability of the above-mentioned 
substance may be evaluated based on a difference obtained by 
comparing changes of the expression amount of a reporter gene 
in a section using different two or more substances each 
10 independently as a test substance. Substances having the 

transcription controlling ability can also be selected based 
on the transcription controlling ability thus evaluated. 

Furthermore, it may also be permissible that at least one 
15 substance among the above-mentioned different two or more 
substances is prepared as a substance not having the 
transcription controlling ability (it maybe also, for example, 
a solvent, test system solution as back ground, and the like) 
and the transcription controlling ability of other test 
20 substance is evaluated. The transcription controlling ability 
of other test substance may also be evaluated, while utilizing 
the transcription controlling ability of at least one substance 
among the above-mentioned different two or more substances as 
a standard. 

25 
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The kit of the present invention is a kit comprising a 
test cell containing a recombinant reporter vector comprising 
the polynucleotide of the present invention (here, DNA) , and 
a reagent for measuring reporter activity. The kit of the 
present invention may further contain a control cell in which 
a plasmid not comprising the polynucleotide of the present 
invention (here, DNA) is introduced. Such a control cell can 
be used as a negative control. This kit can be used in the 
searching method of the present invention described above. 

The substance selected by the searching method as 
described above can control the activity of the polynucleotide 
of the present invention, thus, it can control the expression 
in a cell of a gene under control of the polynucleotide of the 
present invention. Therefore, this substance or its 
pharmaceutically acceptable salt may also be utilized in the 
form of transcription controlling agent containing them as an 
active ingredient and wherein the active ingredient is 
formulated in a pharmaceutically acceptable carrier. This 
substance is useful as, for example, a medicine for diseases 
ascribable to excess expression or under expression of a 
translation product of the gene. This substance can also be 
utilized as a transcription controlling agent in investigating 
an action in a neuron and an influence on diseases (particularly, 
neurological disorder and/ or psychiatric diseases) ascribable 
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I 

to abnormality of the expression amount of Gml or to abnormality 
of signal transduction through a promoter of a Gml gene, of 
desired genes, for example, genes of which correlation with 
neurological disorder and/or psychiatric diseases is presumed 
5 and the like, said genes being linked under control of the 
polynucleotide of the present invention. 

Next, the method for searching a substance which binds 
to the polynucleotide of the present invention will be 

10 illustrated below. 

The method for searching a substance which binds to the 
polynucleotide of the present invention comprises a first step 
of contacting the polynucleotide of the present invention with 
a test substance, a second step of checking the presence or 

15 absence of formation of a complex of the polynucleotide with 
the test substance, after the first step, and a third step of 
selecting a substance which binds to the polynucleotide, based 
on the analysis result, obtained in the second step, of the 
presence or absence of formation of a complex. 

2 0 The polynucleotide to be used in the first step of 

contacting the polynucleotide of the present invention with a 
test substance is preferable in that when the polynucleotide 
of the present invention is labeled with a radioisotope or 
fluorescent dye compound using, for example, a commercially 

25 available DNA labeling kit, detection of a complex of the 
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polynucleotide and test substance becomes easy. For labeling 
the polynucleotide of the present invention with a radioisotope, 
for example, commercially available Random Labelling Kit and 
the like can be used. The polynucleotide can also be labeled 
5 by performing a PGR reaction using the polynucleotide of the 
present invention as a template while replacing dCTP by 
[a- 32 P]dCTP in a usual PCR reaction composition. When the 
polynucleotide of the present invention is labeled with a 
fluorescent dye, for example, ECF Direct Nucleic Acid Labelling 

10 and Detection System, and the like can be used. 

The polynucleotide of the present invention and a test 
substance are contacted at about 4°C to about 37°C, preferably 
about 20°C to about 3 0°C for about 5 minutes to about 60 minutes, 
preferably about 10 minutes to about 3 0 minutes in a suitable 

15 buffer, for example, a buffer such as Tris, Hepes, MES and the 
like, preferably in a Hepes buffer. The concentration of the 
test substance may be usually about 0.1 pM to about 1000 pM, 
and preferably 1 pM to 100 pM. The amount of the polynucleotide 
may be usually about 1 fmol to about 10 fmol, and preferably 

20 2 fmol to 7 fmol. 

As the method of checking the presence or absence of 
formation of a complex of the polynucleotide with a test 
substance, mentioned are a gel shift method, foot print method, 
25 BIACORE method and the like. When the test substance is a 
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compound of relatively high molecular weight (for example, 
protein, DNA and the like) , a gel shaft method, foot print method 
and the like may be used. When the test substance is a compound 
of relatively low molecular weight, a BIACORE method, for 
5 example, a method described in "Kazuhiro Nagata, Hiroshi Handa 
collaboration, Seitaibusshitsu Sougosayo no Riarutaimu 
Kaiseki Jikkenho - BIACORE wo chushin ni - Supringer Verlag 
Tokyo K.K. " may be used. For example, in the case of a gel shaft 
method, first, mixture of the polynucleotide of the present 

10 invention and a test substance is applied to polyacrylamide gel 
electrophoresis by a conventional method. When a 
polyacrylamide gel after electrophoresis is dried followed by 
detecting the position of the polynucleotide on the gel by, for 
example, subjecting the gel to autoradiography and the like, 

15 whether the polynucleotide is bound to a test substance or not 
can be checked. 

Specifically, for example, the dried gel is exposed to 
an imaging plate for about 1 hour to about one night, more 
preferably for 6 to 8 hours, and a picture image is obtained 

20 by an imaging analyzer. When a test substance is bound to the 
polynucleotide, the mobility of the polynucleotide -test 
substance complex becomes lower than that of a free 
polynucleotide , causing band shift on the picture image . A test 
substance in the case of detection of band shift can be selected 

25 as the substance which binds to the polynucleotide of the 



41 



present invention. 

Since thus selected binding substance can bind to the 
polynucleotide of the present invention, the substance can 
5 control the transcription controlling ability of the 

polynucleotide of the present invention. Further, it can 
control the expression in a cell of a gene under control of the 
polynucleotide of the present invention. Therefore, this 
substance or its pharmaceutical ly acceptable salt may also be 

10 utilized in the form of transcription controlling agent 

containing them as an active ingredient and wherein the active 
ingredient is formulated in a pharmaceutically acceptable 
carrier. This substance is useful as a medicine for diseases 
ascribable to excess expression or under expression of a 

15 translation product of the gene. 

This substance can also be utilized as a transcription 
controlling agent in investigating an action in a neuron and 
an influence on behavior, memory, diseases (particularly, 
neurological disorder and/or psychiatric diseases) ascribable 

20 to abnormality of the expression amount of Gml or to abnormality 
of signal transduction through a promoter of a Gml gene and the 
like, of desired genes, for example, genes of which correlation 
with neurological disorder and/or psychiatric diseases is 
presumed, genes of which correlation with behavior or memory 

25 is presumed and the like, said genes being linked under control 
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of the polynucleotide of the present invention. 

Next, the purification method of the present invention 
will be illustrated below. 
5 The purification method of the present invention contains 

a first step of contacting the polynucleotide of the present 
invention with a sample to form a complex of the polynucleotide 
with a substance, wherein said substance is contained in the 
sample and binds to the polynucleotide, and a second step of 

10 isolating the binding substance from the formed complex, after 
the first step. 

In contacting the polynucleotide of the present invention 
with a sample, it is usually preferable to contact the 
polynucleotide in the form of binding to a carrier with a sample 

15 since then the polynucleotide or a complex of the polynucleotide 
with the binding substance can be recovered easily. The kind 
of the carrier to which the polynucleotide is bound is not 
particularly restricted, and for example, commercially 
available carriers for affinity chromatography, preferably, 

2 0 cyanogen bromide -activated sepharose 4B (manufactured by 

Amersham Pharmacia Biotech) and the like can be used. A method 
of binding the polynucleotide directly to a carrier and a method 
of binding through a spacer are mentioned to bind the 
polynucleotide to a carrier. In binding, for example, the 

25 polynucleotide and cyanogen bromide -activated sepharose 4B are 
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mixed and stirred at about 4°C to about 10°C overnight at 1000 
rpm, to fix the polynucleotide on the sepharose. Then, for 
blocking unreacted cyanogen bromide active groups, the product 

is, for example, left overnight at about 4°C to about 10°C in 
5 a buffer containing a compound carrying an amino group, for 
example, in a sodium hydrogen carbonate solution containing 1 
M glycine. The resulting gel may be contacted with a sample 
by a conventional batch method, and the gel may be filled in 
a commercially available chromatograph tube to prepare an 
10 affinity column for a substance which binds to the 

polynucleotide of the present invention and may be contacted 
with a sample by a conventional column chromatography method. 

For example, when contact and isolation are carried out 
15 by a column chromatography method, a sample is subjected to the 
above-mentioned affinity column to form a complex of the 
polynucleotide of the present invention with the polynucleotide 
binding substance, then, washing of the carrier and elution of 
the binding substance are carried out by conventional methods, 
20 thus, the binding substance can be isolated. Specifically, 
first, a sample is loaded on the above-mentioned affinity column, 
then, the column is washed with a buffer of the same composition 
as in loading to remove sample components having not formed a 
complex. Thereafter, gradient elution which increases the 
25 concentration of a salt contained in the buffer is performed 
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to elute a substance which has been bound to the polynucleotide 
of the present invention from the column, thus, the substance 
which binds to the polynucleotide of the present invention can 
be isolated. Examples of the above-mentioned salt to be used 
5 for elution include sodium chloride, potassium chloride, 
ammonium sulfate and the like. 

The purification method of the present invention can 
purify a substance selected by the above-mentioned selection 
method among substances which controls the transcription 
10 controlling ability of the polynucleotide of the present 
invention, or a substance selected by the above-mentioned 
selection method among substances which binds to the 
polynucleotide of the present invention. 

15 The transcription controlling agent containing as an 

active ingredient a substance selected by the searching method 
of the present invention or the binding substance searching 
method of the present invention or its pharmaceutical ly 
acceptable salt can be administered in its effective amount to 

20 a mammal such as human and the like orally or parenteral ly. For 
example, in the case of oral administration, the transcription 
controlling agent can be used in usual form such as tablet, 
capsule, syrup, suspension and the like. In the case of 
parenteral administration, the transcription controlling 

25 agent can be used in usual liquid form such as solution, emulsion, 
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suspension and the like. As the method of parenterally 
administering the transcription controlling agent in the 
above-mentioned form, for example, an injection method, a 
method of administering in the form of suppository to rectum, 
5 and the like are mentioned. 

The above-mentioned suitable administration form can be 
produced by compounding a substance selected by the searching 
method or its pharmaceutical ly acceptable salt into an 
10 acceptable usual carrier, excipient, binder, stabilizer, 

diluting agent or the like. In the case of use in injection 
form, acceptable buff ers, dissolution aids, isotonic agents and 
the like can also be added. 

15 The dosage varies depending on the age, sex, body weight 

and disease extent of an animal receiving administration, and 
the kind and administration form of the transcription 
controlling agent, and the like, and usually, in the case of 
oral administration, it may be advantageous that the active 

20 ingredient amount per day for an adult is about 1 mg to about 
2 g, preferably about 5 mg to about 1 g, and in the case of 
injection, it may be advantageous that the active ingredient 
amount for an adult is about 0.1 mg to about 500 mg. 

The above-mentioned daily dose can be administered in one 

25 time or in division in several times. 
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As the disease to which the transcription controlling 
agent can be applied, mentioned are diseases (particularly, 
neurological disorder and/or psychiatric diseases) ascribable 
5 to abnormality of signal transduction through a promoter of a 
G-protein gene, and specific examples thereof include 
neurological disorder and/or psychiatric diseases such as 
schizophrenia, manic-depressive psychosis, depression and 
anxiety. Transcription controlling agent may be used for 
10 treatment, improvement and prevention of these diseases. 

EXAMPLES 

The following examples will illustrate the present 
invention more in detail, but the present invention is not 
15 limited to these examples. 
Example 1 

(Cloning of polynucleotide comprising mouse Gml promoter 
region) 

A polynucleotide comprising a mouse Gml promoter region 
20 was isolated as described below. 

(1) Preparation of probe for phage screening 

For performing screening of a phage library, probe DNA 
comprising a 5 1 upstream region of mouse Gml gene was prepared 
according to a procedure shown below. 
25 Amplified DNA was obtained by performing PCR, using 1 jig 
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of genomic DNA derived from mouse C57BL/6 as a template, and 
using 10 pM of forward primer mGmg-1 

(5 1 tgttctcccgacccttcagggatcttcttt; SEQ ID NO: 4) , 10 pM of 
reverse primer mGmg- 2 (5 1 -acctatgagcagcaatggatagagtctat ; SEQ 
5 ID NO: 5) and TAKARA Taq polymerase (TAKARA LATaq with GC Buff er, 
manufactured by Takara Shuzo Co., Ltd.). 

Regarding PCR conditions, one cycle including incubation 
at 95°C for 3 0 seconds, then at 65°C for 30 seconds, and then 
at 72°C for 2 minutes was repeated 35 times. 

10 The resultant DNA was subjected to agarose gel 

electrophoresis, then, purified using QIAquick Gel Extraction 
kit (manufactured by QIAGEN) , and recovered. The recovered DNA 
was used in the following experiment as template DNA for probe. 
Next, probe DNA labeled with alkali phosphatase was 

15 prepared using 10 pi of the above-mentioned template DNA for 
probe and Alkphos Direct DNA labeling and detection kit 
(Amersham Bioscience) according to a protocol appended to the 
kit. 

20 (2) Screening of genomic library 

A mouse Gml promoter was isolated using a mouse 
129/sv-derived genomic library (STRATAGENE) according to the 
following procedure. 

lxio 6 phages were spread on 20 of 15 cm NZY plates, and 
25 cultured at 3 7°C for 8 hours, to form plaques . Nitrocellulose 
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membranes were contacted with the plates containing formed 
plaques, to transfer the formed plaques onto the nitrocellulose 
membranes. The nitrocellulose membranes and probe DNA labeled 
with alkali phosphatase were hybridized using Alkphos Direct 
DNA labeling and detection kit (Amersham Bioscience) according 
to a protocol appended to the kit. Detection of hybridization 
signals was also carried out using Alkphos Direct DNA labeling 
and detection kit (Amersham Bioscience) according to a protocol 
appended to the kit . 

From a phage on which signal was detected by hybridization, 
DNA was recovered using Wizard Lambda Preps kit (PROMEGA) 
according to the appended protocol. Thus, a polynucleotide 
comprising a mouse Gml promoter region was cloned. 

Example 2 

(Construction of reporter vector containing mouse Gml 
promoter region) 

Reporter vectors containing a polynucleotide comprising 
a mouse Gml promoter region, pGL-Gml and pGL-Gml/Sad , were 
prepared as described below. 

The phage DNA comprising a mouse Gml promoter region 
obtained in Example 1 was digested with Sacl. The resulting 
digest was subjected to agarose gel electrophoresis, then, 
purified using QIAquick Gel Extraction kit (manufactured by 
QIAGEN) to recover DNA. The recovered DNA was used in the 
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subsequent experiment as insert DNA. pGL3 was digested with 
Sad, then, treated with alkali phosphatase, to prepare vector 
DNA. Then, 50 ng of the prepared vector DNA and 10 ng of the 
above-mentioned insert DNA were ligated using a T4 ligase, to 
prepare Gml promoter reporter vector pGL-Gml/SacI . In this 
vector pGL-Gml/SacI , the nucleotide sequence of SEQ ID NO: 2 
(this sequence corresponds to the nucleotide sequence of the 
nucleotide numbers 603 to 3 871 of SEQ ID NO: 1) is inserted at 
a SacI site of pGL3 . 

Further, the phage DNA comprising a mouse Gml promoter 
region obtained in Example 1 was digested with Nhel . The 
resulting digest was subjected to agarose gel electrophoresis, 
then, purified using QIAquick Gel Extraction kit (manufactured 
by QIAGEN) to recover DNA. The recovered DNA was used in the 
subsequent experiment as insert DNA. Then, pGL3 was digested 
with Nhel, then, treated with alkali phosphatase, to prepare 
vector DNA. 50 ng of the prepared vector DNA and 10 ng of the 
insert DNA were ligated using a T4 ligase, to prepare Gml 
promoter reporter vector pGL-Gml/Nhel . Next, pGL-Gml/SacI was 
double-digested with Ndel and Xhol, the resultant digest was 
subjected to agarose gel electrophoresis, then, 2 kb of DNA was 
purified using QIAquick Gel Extraction kit (manufactured by 
QIAGEN) to recover. The recovered DNA was used in the 
subsequent experiment as insert DNA. pGL-Gml/Nhel was 
double -digested with Ndel and Xhol. 50 ng of the resultant 
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digest (vector DNA) and 10 ng of the insert DNA were ligated 
using a T4 ligase, to prepare Gml promoter reporter vector 
pGL-Gml . In this vector pGL-Gml, the nucleotide sequence of 
SEQ ID NO: 1 is inserted between a SacI site and a Nhel site 
of pGL3. 

Example 3 

(Measurement of transcription activity of mouse Gml 
promoter) 

The transcript ion -activating ability of the Gml promoter 
of the present invention obtained in Example 1 was measured as 
described below. 

PC12 cells were inoculated into wells of a 96-weli plate 
at a rate of 5xl0 4 cells for each well, and cultured for about 
24 hours. Into the cultured cell, the Gml promoter reporter 
vector pGL-Gml (0.2 pg) or pGL-Gml/SacI (0.2 pg) obtained in 
Example 2 was transf ected using a lipof ection method, to prepare 
test cells. Into cells inoculated in the same manner as 
described above, a reporter vector (pGL3 ; 0.2 jig) containing 
no Gml promoter was transf ected using a lipof ection method, to 
prepare control cells. 

Next, these cells were cultured at 37°C for 24 hours, then, 
the medium in the wells was removed, before washing with a PBS 
buffer solution. The washed cells were lysed with cell lysis 
solution (PicaGene Lucif erase kit, manufactured by Toyo Ink) , 
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then, a luminescence substrate (PicaGene Lucif erase kit, 
manufactured by Toyo Ink) was added into the wells, and the 
luminescence level of each well was measured using a luminometer 
As control, the luminescence level of the control cell was also 
measured in the same manner. The results are shown in Fig. 1. 

When the lucif erase activity of the test cell showed 13 0% 
or more, where the lucif erase activity of the control cell was 
normalized as 100%, the test cell was recognized to have a 
transcription-controlling ability. 

Example 4 

(Immunostaining using anti-Gml antibody in brain tissue) 

Distribution of the expression of a subunit Gml protein 
of trimeric G-protein in brain was analyzed by a fluorescent 
tissue immunostaining method using an anti-Gml antibody. That 
is, a mouse brain section (manufactured by Novagen) fixed using 
para- formaldehyde was subjected to deparaf f inization, then, 
autoclaved (120°C, 15 minutes) in a 0.01 M citric acid solution. 

Next, a brain section was incubated at 4°C for 1 hour in 
an anti-Gml antibody (1/100 dilution) diluted using a blocking 
reagent appended to TSA kit #12 (Molecular Probe) . Then, the 
brain section was washed twice with a PBS solution, then, 
incubated at 4°C for 1 hour in a HRP-labeled anti-rabbit IgG 
antibody appended to TSA kit #12 (Molecular Probe) . Then, the 
brain section was washed twice with a PBS solution, then, 
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fluorescent signals were detected using a tyramide signal 
amplification kit appended to TSA kit #12 (Molecular Probe) 
according to a protocol appended to the kit. The fluorescent 
signals were observed using a fluorescent microscope. The 
results are shown in Fig. 2 . It was clarified that the a subunit 
Gml protein of trimeric G-protein expressed highly in neuron 
of cerebral cortex, hippocampus and cerebellum. 

Example 5 

(Immunostaining using ant i -Gml antibody in brain tissue 
of psychiatric diseased patient) 

The expression of a subunit Gml protein of trimeric 
G-protein in brain of psychiatric diseased human patient was 
analyzed by a tissue immunostaining method using an ant i -Gml 
antibody. 

That is, a human brain section slide LandMark Low density 
Neuropsychiatric Tissue MicroArrays (manufactured by Ambion) 
fixed using para- formaldehyde was subjected to 
deparaf f inization, then, autoclaved (120°C, 15 minutes) in a 
0.01 M citric acid solution. 

Next, the slide containing a brain section (hereinafter, 
abbreviated as "slide") was washed with ultrapure water, then, 
incubated at room temperature for 10 minutes in methanol 
containing 3% hydrogen peroxide water. 

Next, the incubated slide was washed three times with a 
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TN solution (0.1 M Tris pH 7.5, 0.15 M NaCl) , then, incubated 
at room temperature for 3 0 minutes in a blocking reagent 
appended to TSA biotin system NEL 700 (manufactured by Perkin 
Elmer) . 

Next, the slide was incubated at 4°C for 1 hour in an 
anti-Gml antibody (1/100 dilution) diluted using a blocking 
reagent appended to TSA Biotin System NEL700 (manufactured by 
Perkin Elmer) , then, this was washed three times with a TN 
solution (0.1 M Tris pH 7.5, 0.15 M NaCl). 

Then, the slide was incubated at 4°C for 1 hour in a 
HRP-labeled anti-rabbit IgG antibody (1/200 dilution) diluted 
using a blocking reagent appended to TSA Biotin System NEL700 
(manufactured by Perkin Elmer) , then, this was washed three 
times with a TN solution (0.1 M Tris pH 7.5, 0 . 15 M NaCl). 

Then, the slide was incubated at room temperature for 10 
minutes in a biotinated tyramide amplification reagent appended 
to TSA Biotin System NEL700 (manufactured by Perkin Elmer) , then, 
this was washed three times with a TN solution (0.1 M Tris pH 
7.5, 0.15 M NaCl) . 

Then, the slide was incubated at room temperature for 30 
minutes in an ant i- HRP-labeled anti-avidin antibody appended 
to TSA Biotin System NEL700 (manufactured by Perkin Elmer) , then, 
this was washed three times with a TN solution (0.1 M Tris pH 
7.5, 0.15 M NaCl) . 

The slide thus obtained was allowed to develop color using 
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one DAB tablet (manufactured by Sigma) dissolved in 15 ml of 
ultrapure water, then, observed by a microscope. The results 
are shown in Fig. 3. It was clarified that the a subunit Gml 
protein of trimeric G-protein expressed lower in the brain of 
a patient with neurological disorder and/or psychiatric 
diseases (schizophrenia, manic-depressive psychosis, 
depression and anxiety) than in healthy subject. 

Example 6 

(Construction of reporter vector containing mouse Gml 
promoter region) 

A reporter vector containing a nucleotide sequence of a 
mouse Gml promoter region, pGL-Gml/843 -3900 , is constructed as 
described below. 

For amplifying DNA comprising a nucleotide sequence of 
the nucleotide numbers 843 to 3 871 of SEQ ID NO: 1 to which 2 9 
nucleotides are added at the 3 ' end, PGR is carried out using 
10 ng of the phage DNA comprising a mouse Gml promoter region 
obtained in Example 1, and using 10 of forward primer 
prmGmg-843 (5 1 -atcatcacaacaggaaagtaataaaa; SEQ ID NO: 6), 10 
pM of reverse primer prmGmg-3 900 

(5 1 -attgtgcatccttcgaacgtccca; SEQ ID NO: 7) and TAKARA LA Taq 
polymerase (TAKARA LA Taq with GC Buff er, manufactured by Takara 
Shuzo Co. , Ltd. ) . 

Regarding PCR conditions, one cycle including incubation 
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at 95°C for 3 0 seconds, then at 60°C for 30 seconds, and then 
at 72°C for 2 minutes is repeated 3 5 times. The resultant DNA 
is subjected to agarose gel electrophoresis, then, purified 
using QIAquick Gel Extraction kit (manufactured by QIAGEN) , and 
recovered. The recovered DNA is used in the following 
experiment as insert DNA. 

Plasmid pDrive-Gml/843-3 900 is obtained by ligating 10 
ng of insert DNA and 50 ng of pDrive vector (manufactured by 
QIAGEN) using a T4 ligase. 

The resultant plasmid pDrive-Gml/843-3 900 was 
double-digested with Mlul and Sacl. The resultant digest is 
subjected to agarose gel electrophoresis, then, DNA is purified 
using QIAquick Gel Extraction kit (manufactured by QIAGEN) to 
recover . The recovered DNA is used in the subsequent experiment 
as insert DNA. pGL-3 is double-digested with Mlul and Sacl. 
50 ng of the resultant digest (vector) and 10 ng of the insert 
DNA are ligated using a T4 ligase, to prepare Gml promoter 
reporter vector pGL-Gml/843 -3 900 . 

DNA comprising a nucleotide sequence of the nucleotide 
numbers 1232 to 3871 of SEQ ID NO: 1 to which 29 nucleotides 
are added at the 3 1 end is amplified, using 10 pM of forward 
primer prmGmg-1232 (5 1 -tggtgccctcttctggtgtgtct ; SEQ ID NO: 8) 
and 10 of reverse primer prmGmg-3 900 

(5 1 -attgtgcatccttcgaacgtccca; SEQ ID NO: 7), and a reporter 
vector containing a nucleotide sequence in a mouse Gml promoter 
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region, pGL-Gml/1232-3900, is constructed according to the same 
procedure as described above. 

DNA comprising a nucleotide sequence of the nucleotide 
numbers 1989 to 3 871 of SEQ ID NO: 1 to which 29 nucleotides 
5 are added at the 3 1 end is amplified, using 10 \iM of forward 
primer prmGmg- 1989 (5 1 -atgccatatacttgagtcacagtttgtgaa; SEQ ID 
NO: 9) and 10 pM of reverse primer prmGmg-3900 
(5 1 -attgtgcatccttcgaacgtccca 

; SEQ ID NO: 8) , and a reporter vector containing a nucleotide 
10 sequence in a mouse Gml promoter region, pGL-Gml/1989-3900, is 

constructed according to the same procedure as described above . 
DNA comprising a nucleotide sequence of the nucleotide 

numbers 2937 to 3871 of SEQ ID NO: 1 to which 29 nucleotides 

are added at the 3 1 end is amplified, using 10 jiM of forward 
15 primer prmGmg -2 93 7 (5 ' -ctcccgagccttcagggatcttcttt ; SEQ ID NO: 

10) and 10 pM of reverse primer prmGmg- 3 9 00 

(5 1 -attgtgcatccttcgaacgtccca; SEQ ID NO: 8), and a reporter 
vector containing a nucleotide sequence in a mouse Gml promoter 
region, pGL-Gml/2937-3900, is constructed according to the same 

20 procedure as described above. 

DNA comprising the nucleotide sequence of the nucleotide 
numbers 843 to 3776 of SEQ ID NO: 1 is amplified, using 10 pM 
of forward primer prmGmg- 843 ( 5 1 -atcatcacaacagggaaagtaataaaa ; 
SEQ ID NO: 6) and 10 pM of reverse primer prmGmg-3776 

25 (5 1 -agactgctccggttaccgtaaatactgcct; SEQ ID NO: 11), and a 
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reporter vector containing a nucleotide sequence in a mouse Gml 
promoter region, pGL-Gml/843-3776, is constructed according to 
the same procedure as described above. 

DNA comprising the nucleotide sequence of the nucleotide 
numbers 1232 to 3 776 of SEQ ID NO: 1 is amplified, using 10 pM 
of forward primer prmGmg-1232 (5 1 -tggtgccctcttctggtgtgtct ; 
SEQ ID NO: 8) and 10 jiM of reverse primer prmGmg-3776 
(5 ' -agactgctccggttaccgtaaatactgcct ; SEQ ID NO: 11), and a 
reporter vector containing a nucleotide sequence in a mouse Gml 
promoter region, pGL-Gml/1232-3776 , is constructed according 
to the same procedure as described above. 

DNA comprising the nucleotide sequence of the nucleotide 
numbers 1989 to 3776 of SEQ ID NO: 1 is amplified, using 10 pM 
of forward primer prmGmg-1989 

(5' -atgccatatacttgagtcacagtttgtgaa; SEQ ID NO: 9) and 10 pM of 
reverse primer prmGmg-3 776 

(5 1 -agactgctccggttaccgtaaatactgcct; SEQ ID NO: 11), and a 
reporter vector containing a nucleotide sequence in a mouse Gml 
promoter region, pGL-Gml/1989-3776, is constructed according 
to the same procedure as described above. 

DNA comprising the nucleotide sequence of the nucleotide 
numbers 2937 to 3776 of SEQ ID NO: 1 is amplified, using 10 pM 
of forward primer prmGmg-2937 (5 1 -ctcccgagccttcagggatcttcttt ; 
SEQ ID NO: 10) and 10 piM of reverse primer prmGmg-3776 
(5 1 -agactgctccggttaccgtaaatactgcct ; SEQ ID NO: 11), and a 
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reporter vector containing a nucleotide sequence in a mouse Gml 
promoter region, pGL-Gml/2937-3776, is constructed according 
to the same procedure as described above. 

5 Example 7 

(Determination of transcription- control ling region of 
mouse Gml promoter) 

The transcription-activating ability of the Gml promoter 
of the present invention is measured as described below using 
10 the reporter vector obtained in Example 6 . 

PC12 cells were inoculated into wells of a 96-well plate 
at a rate of 5xl0 4 cells for each well, and cultured for about 
24 hours. Into the cultured cell, the Gml promoter reporter 
vector (pGL-Gml/843-3900, pGL-Gml/1232-3900 , 
15 pGL-Gml/1989-3900, pGL-Gml/2937-3 900 , pGL-Gml/843-3776 , 

pGL-Gml/1232-3776, pGL-Gml/1989-3776 or pGL-Gml/2937-3776 ; 
each 0.2 pg) obtained in Example 6 is transfected using a 
lipofection method, to prepare test cells. Using cells 
inoculated in the same manner as described above, a reporter 
20 vector (pGL3 ; 0 . 2 pg) containing no Gml promoter is transfected 
using a lipofection method, to prepare control cells. 

Next, these cells are cultured at 3 7°C for 24 hours, then, 
the medium in the well is removed, before washing with a PBS 
buffer solution. The washed cells are lysed with cell lysis 
25 solution (PicaGene Lucif erase kit, manufactured by Toyo Ink) , 
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then, a luminescence substrate (PicaGene Lucif erase kit, 
manufactured by Toyo Ink) is added into the wells, and the 
luminescence level of each well is measured using a luminometer . 
As control, the luminescence level of the control cell is also 
measured in the same manner. 

When the lucif erase activity of the test cell showes 13 0% 
or more, where the lucif erase activity of the control cell is 
normalized as 100%, the test cell is recognized to have a 
transcription-controlling ability. 

Example 8 

(Screening using reporter activity as index) 
PC12 cells were inoculated into wells of a 96 -well plate 
at a rate of 5xl0 4 cells for each well, and cultured for about 
24 hours. Into the cultured cell, the Gml promoter reporter 
vector (pGL-Gml; 0.2 \xg) obtained in Example 2 is transfected 
using a lipofection method, to prepare test cells. 

Next, these cells are cultured for about 24 hours, then, 
the medium in the well is removed. Into the well, 0.10 ml of 
a fresh medium is newly added, further, 0.1 nM to 10 nM of a 

test substance is added, and this is cultured at 37°C for 24 
hours . 

Next, the medium in the well is removed, before washing 
with a PBS buffer solution. The washed cells are lysed with 
cell lysis solution (PicaGene Lucif erase kit, manufactured by 
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Toyo Ink) , then, a luminescence substrate (PicaGene Lucif erase 
kit, manufactured by Toyo Ink) is added into the wells, and the 
luminescence level of each well is measured using a luminometer . 
As control, the luminescence level of cells of no contact with 
the test substance is also measured in the same manner. 

When the luciferase activity percentage in the case of 
contact with a test substance is 50% or less, or 150% or more, 
where the luciferase activity in the case of no contact with 
the test substance is normalized as 100%, the substance is 
selected as a signal transduction controlling substance. 

Example 9 

(Screening using reporter activity as index) 

The transcription activating ability of the Gml promoter 
of the present invention obtained in Example 2 is measured as 
described below. 

PC12 cells are inoculated into wells of a 96-well plate 
at a rate of 5xl0 4 cells for each well, and cultured for about 
24 hours. Into the cultured cell, the Gml promoter reporter 
vector (pGL-Gml or pGL-Gml/SacI ; each 0.2 pg) obtained in 
Example 2 is transf ected using a lipof ection method, to prepare 
test cells. A reporter vector (pGL3 ; 0.2 pg) containing no Gml 
promoter is transf ected using a lipof ection method, to prepare 
control cells. 

Next, these cells are cultured for about 24 hours, then, 
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the medium in the well is removed. Into the well, 0.10 ml of 
a fresh medium is newly added, then, further, 0.1 nM to 10 nM 

of a test substance is added, and this is cultured at 3 7°C for 
24 hours. 

Next, the medium in the well is removed, before washing 
with a PBS buffer solution. The washed cells are lysed with 
cell lysis solution (PicaGene Lucif erase kit, manufactured by 
Toyo Ink) , then, a luminescence substrate (PicaGene Lucif erase 
kit, manufactured by Toyo Ink) is added into the wells, and the 
luminescence level of each well is measured using a luminometer . 
As control, the luminescence level of a cell not contacted with 
a test substance is also measured in the same manner. 

When ratios of the luciferase activity in test cells in 
the case of contact with a test substance to in the case of no 
contact with the test substance is 1 . 3 -fold or more, or 0 . 7 -fold 
or less, as compared with the control cell, the substance is 
selected as a signal transduction substance . 

Example 10 

(Selection of substance which binds to polynucleotide of 
the present invention) 

Five (5) pg of the plasmid pGL-Gml of the present 

invention described in Example 3 is digested at 3 7°C for 1 hour 
in 20 pL of a reaction solution using each 10 U of Xhol and Mlul . 
The restriction enzyme -digested reaction solution is subjected 
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to agarose gel electrophoresis, and insert DNA is purified using 
QIAquick Gel Extraction kit. One (1) pg of the resultant DNA, 
5 pL of [a- 32 P] dCTP (manufactured by Amersham Pharmacia Biotech) , 
no-labeled nucleotides (dATP, dTTP, dGTP) (Takara Shuzo Co., 
5 Ltd.) each 1 pL, 2 pL of lOxKlenow Buffer (Takara Shuzo Co., 
Ltd.) and 1 pL of Klenow enzyme (Takara Shuzo Co., Ltd.) are 
added and distilled water is added to give a total amount of 
20 pL, and the mixture is incubated at 37°C for 1 hour, to obtain 
labeled DNA. Next, for separating unreacted [a- 32 P]dCTP and 

10 the labeled DNA, the reaction solution is subjected to 

ProbeQuant G-50 Micro Columns (Amersham Pharmacia Biotech) 
equilibrated with 10 mM Tris acetate and 1 mM EDTA (hereinafter, 
referred to as TE solution) , and centrifuged (room temperature, 
1200 rpm, 1 minute) , to elute the labeled DNA. The 

15 radioactivity of the resulting eluate is measured by 

scintillator, and diluted with the TE solution to give 10 4 cpm/pL 
to obtain a labeled DNA solution. 5 pL of 5xbinding buffer 
(containing 50 mM Hepes -potassium hydroxide (pH 7.8), 250 mM 
potassium chloride, 5 mM EDTA (pH 8.0), 25 mM magnesium chloride, 

20 50% (W/V) glycerol, 25 mM dithiothreitol , 3 . 5 mM PMSF, 10 pg/mL 
Aprotinin, 10 pg/mL Pepstatin, 10 pg/mL Leupeptin and 5 mM 
sodium orthovanadate) , 1.5 pL of 2 pg/pL polydldC, 5 pL of 10 
pM test substance and 2 pL of the labeled DNA solution are mixed 
and distilled water is added to give a total amount of 25 pL. 

25 The solution is incubated at room temperature for 30 minutes, 
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then, subjected to polyacrylamide gel electrophoresis. After 
electrophoresis, the gel is peeled from a gel plate, and dried 
on a Whatman 3 MM filter paper at 80°C for 1 hour using a vacuum 
pump, then, exposed to an imaging plate for 2 hours, then, a 
picture image is obtained using BAS2000. When, as a result of 
binding of a test substance to the labeled DNA to form a labeled 
DNA-test substance complex, the mobility of the complex on the 
gel becomes smaller than free labeled DNA and band shift on the 
picture image is detected, the test substance is selected as 
the substance which binds to the polynucleotide of the present 
invention. 

Example 11 

(Purification of substance which binds to polynucleotide of the 
present invention by purification method of the present 
invention) 

(1) Preparation of affinity column for purification of 
substance which binds to polynucleotide of the present 
invention 

2 00 pg of the plasmid pGL-Gml of the present invention 

is digested at 37°C for 1 hour in 200 pL of a reaction solution 
using each 50 U of Xhol and Mlul. The restriction 
enzyme-digested reaction solution is subjected to agarose gel 
electrophoresis, and purified using QIAquickGel Extraction kit 
to obtain the DNA. 44 pg of the DNA is added to 2 mL of cyanogen 
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bromide -activated sepharose 4B and stirred at 4°C overnight at 
1000 rpm, to fix the DNA on the sepharose. Then, for blocking 
unreacted cyanogen bromide active groups, 20 mL of a sodium 
hydrogen carbonate solution (pH 9.5) containing 1 M glycine is 

added and the mixture is left overnight at 4°C. The gel thus 
obtained is filled in 10x300 mm chromatograph tube 
(manufactured by Iwaki Glass) , to prepare an affinity column 
for a substance which binds to the polynucleotide of the present 
invention. 

(2) Preparation of sample 

Human nerve -derived cultured cells IMR-32 are inoculated 
on 40 pieces of 15 cm plates (manufactured by Falcon) at a rate 
of lxlO 7 cells in each plate. Using a D-MEM medium (high 
glucose) containing 10% (W/V) FBS added, culturing is performed 
for two nights in the presence of 5% (V/V) carbon dioxide at 
37°C. After two nights, the medium is removed, then, the vessel 
wall of the plate is washed once with 15 mL of phosphate buffer, 
then, 2 mL of a trypsin-EDTA solution (containing 0.05% (W/V) 
trypsin and 0.53 mM of EDTA; manufactured by Gibco) is added 
to the plate so as to immerse cells, and allowed to stand at 
37°C for 5 minutes. To this is added a FBS -containing medium 
in an amount of about 10 -fold of the trypsin-EDTA solution, to 
obtain a cell suspension. The resultant cell suspension is 
centrifuged (room temperature, 1300 rpm, 5 minutes) to remove 
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the supernatant. The cell precipitate is suspended in 15 mL 
of phosphate buffer, and again centrifuged at room temperature 
at 1300 rpm for 5 minutes to remove the supernatant. Thereafter, 
the cell precipitate is suspended in ice-cold 10 mM 
Hepes-potassium hydroxide (pH 7.8) , 10 mM potassium chloride 
and 10 mL of 0 . 1 mM EDTA (pH 8.0) solution (hereinafter, referred 
to as buffer A) . After cooling for 10 minutes on ice, the cell 

suspension is centrifuged at 4°C at 1300 rpm for 5 minutes. The 
supernatant is removed, then, the cell precipitate is 
re-suspended in 3 0 ml of buffer A, and cells are disrupted 
completely while cooling on ice using Downs Homogenizer Pessel 
B (manufactured by Wheaton) . The resulting cell homogenate is 
centrifuged (4°C, 1300 rpm, 5 minutes) to remove the supernatant . 
The precipitate is suspended in 50 mM Hepes-KOH (pH 7.8), 420 
mM potassium chloride, 0.1 mM EDTA (pH 8.0), 5 mM magnesium 
chloride and 2 mL of 2% (W/V) glycerol solution (hereinafter, 
referred to as buffer B) . After rotating gently at 4°C for 30 
minutes by a rotator, the suspension is centrifuged (4°C, 24 000 
g, 3 0 minutes) . The supernatant is recovered and diluted 5- fold 
with distilled water to give a diluted solution as a sample of 
purification. 
(3) Step of isolation 

The sample prepared in the above-mentioned step (2) is 
loaded on the affinity column described in the above-mentioned 
step (1) . Further, 10 mL of 5-fold diluted buffer B is loaded, 
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to remove sample components not formed a complex. Thereafter, 
gradient elution to increase the potassium chloride 
concentration up to 1 M is performed to cause elution of the 
substance which binds to the polynucleotide of the present 
invention, obtaining a fraction containing the substance which 
binds to the polynucleotide of the present invention. 

INDUSTRIAL APPLICABILITY 

The present invention can provide polynucleotides 

comprising a nucleotide sequence of a promoter region of a 
subunit Gml of trimeric G-protein. The polynucleotides are 
useful for research and development of a method of searching 
signal transduction controlling substance through a promoter 

of a subunit Gml of trimeric G-protein, and medicines for 
neurological disorder and/or psychiatric diseases containing, 
as an active ingredient , a compound having a signal transduction 
controlling ability through a promoter of a subunit Gml of 
trimeric G-protein obtained by the above-mentioned searching 
method or its pharmaceutically acceptable salt. 

Free Text in Sequence Listing 
SEQ ID NO: 4 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 5 

Designed oligonucleotide primer for PCR 
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SEQ ID NO: 6 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 7 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 8 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 9 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 10 

Designed oligonucleotide primer for PCR 
SEQ ID NO: 11 

Designed oligonucleotide primer for PCR 
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